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By W. E. Code l 
Introduction 
Material presented in this re-
port is the result of a coopera tive 
agreement among various west-
ern states and the U. S. Depart-
ment of Agriculture. This agree-
ment was activated J uly 1, 1956. 
The Colorado project had as its 
objective an economic analysis of 
law·s and related institutions af-
fecting ground-water use in the 
Bij ou Valley. The work was con-
ducted cooperatively by the Civil 
Engineering and Economics sec-
tions of the Colorado Agricul-
tural Experiment Station , Colo-
rado State University. 
An important phase of the 
project was to be a study of th e 
economic impact on a commun-
ity dependent upon ~ diminish-
ing supply of ground water for 
irrigation. The probable effects 
of various types of water laws 
were to be proj ected upon this 
situation. 
To evaluate the local condi-
tions to which the study was lim-
ited, it was considered desirable 
to determine as nearly as pos-
sible the physical aspects of the 
water supply. Work on this part 
of the project was conducted by 
th e Civil Engineering section of 
th e Experiment Station and I S 
the substance of this report. 
Physical Situation 
It was felt desirable to limit 
this proj ect to a specific area of 
reasonable size, rather than to 
make a broad study of various 
conditions that exist within th e 
state. The Bij ou Valley was 
chosen because conditions there 
are representative of several 
Colorado areas, thus giving th e 
study more than local value. Be-
cause of personnel, time, and 
fund limitations, the study area 
was confined to that part of the 
valley in Morgan county south 
of Wiggins. 







R. 60 w. R. 59 W. 












Other reasons for choosing this 
area were: 
1. Irrigation water was derived 
solely from ground-water sources. 
2. The water table had been 
sin king, first slowly and later at 
a faster rate, since development 
started in 1935. 
3. Pumping had produced no 
immediate effect upon appropri-
ated surface water flows. 
4. Geologic features had been 
determined and other data ob-
tained by the Ground -Water 
Branch of th e U. S. Geological 
Survey in 1948. 
5. The valley in which the 
pumping was concentrated had 
reasonably definable boundaries. 
Figure l shows a map of the 
area. The ground-water develop-
ment continues both north and 
south of the arbitrary bounda-
ries shown. The western bounda-
ry is quite definite in the south 
half of the valley, since geolog-
ical exploration revealed that 
the saturated gravels pinch out. 
The boundary for th e north half 
was selected arbitrarily to in-
clude th at area considered to be 
accociated with Bijou Valley 
conditions. 
The sediments continue west 
under an overlay of wind-deposit-
ed sand hills into the Kiowa 
Creek drainage. The east bound-
ary follows approximately a line 
of zero saturation as indica ted 
by the USGS report on the area 
in 1949.2 This boundary cannot 
be precise because of lack of 
data . The area within these 
boundaries is 84 square miles, or 
53,750 acres. 
The ancient channel of Bijou 
Creek in Morgan county is a 
trench about 6 miles wide, prin-
cipally carved out of the Pierre 
formation. 2 The overlying Fox 
Hills formation is present on 
both sides for a few miles north 
of the Adams - Morgan county 
boundary. Erosion by Bijou 
Creek has removed the Fox Hills 
formation in the valley trench. 
This channel has been filled with 
alluvium to a maximum depth 
of from I 00 to 190 feet in th e 
deepest parts of the study area. 
The greatest depth occurs at the 
north end . Recoverable ground 
water in quantities required for 
irriga tion is found only in the 
alluvium. \'\lind-deposited soils 
occur on both the east and west 
sides of the valley. The soils in 
general are deep and range from 
light to heavy loams. 
In the study area, depth to 
water in 1946 varied from 18 
feet at the south end to 55 feet 
at the north . In a lmost all 
instances, good irrigation wells 
were obtainable in th e central 
parts of the trough. Poor soil 
and topographic conditions have 
influenced location of ground-
water development, especially 
east of the Bijou. These condi-
tions and the thinning out of the 
saturated zone have prevented 
westward development. 
Earliest attempts to obtain 
2 L. J. Bjorklund and R. F. Brown, Geology and Ground-Water R esources of 
th e Lower South Platte Ri ver Betwee n H ardin , Colo. , and Paxto n, Nebr. U. S. 
Geological Survey Water-Supply Paper 1378, 1957. 
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irrigation wells in Bijou Valley 
were in adjoining Adams county 
to the south. Several abandoned 
wells were found here in 1930 
and some may have dated back 
to about 1910. The earliest year 
of record for an irrigation well 
in Morgan county south of Wig-
gins is 1935. 
A 1940 survey of the study area 
showed 28 operating irrigation 
wells. At that time a number of 
pumps still were driven by inter-
nal combustion engines although 
electricity had become available 
in 1939 through the Morgan 
county REA. In 1956, 178 wells 
were found in operation. Four 
plants used in 1954 or 1955 were 
not in use in 1956. 
Sources of Replenishment 
Eval uation of a ground-water 
supply which is being drawn 
upon heavily requires knowing 
the rate of withdrawal and how 
that rate affects the water table. 
Several factors operate in varying 
degree to determine this effect. 
For example, a portion of the 
water applied to the soi l is lost 
in evapmation from ditches and 
the soil surface. Another portion 
is lost temporarily through seep-
age from ditches and, from the 
fields, by percolation down 
through the root zone. But this 
water ultimately reach e s tbe 
water table and hence is not lost 
to the ground-·water supply. 
Net ground - water replenish-
ment in the Bijou Valley is due 
principally to stream-flow losses 
from the sandy bed of Bijou 
Creek. Although usually dry, 
this creek is subject to great ex-
tremes in flow. Floods of more 
than l 00,000 cubic feet per sec-
ond have occurred in the past 
25 years. The channel is wide 
and extreme floods overflow the 
banks. The topography of the 
overflow lands makes them use-
less for agriculture. 
FIGURE 2.-Use of Hoff current 
meter to measure pump discharge. This 
method requires a pipe flowing full . 
When not flowing full, a smaller pipe is 
inserted as shown. 
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A second possible source of re-
plenishment is water which may 
escape from the Fox Hills forma-
tion that outcrops under the allu-
vium in the southern part of the 
study area. This is conj ecture 
only, as no proof exists for or 
against such a contr ibution. 
Ground-water movement into 
the area from the south would 
be offset by a similar movement 
out of the area at the north end. 
In either case, changes in amount 
of flow would be small. If any-
thing, the flow into the study 
area has decrea ed through the 
years because there has been a 
greater lowering of the water 
table due to pumping in Adams 
co unty . A stead ily receding water 
table makes it obvious that water 
is continuall y being drawn from 
storage . Part of this storage has 
been taken from the east and 
west fringes of the area , the 
borders of which were fairly well 
fixed by the 1948 Geological 
Survey. 
Replenishment Considerations 
As previously stated, the prin-
cipal replenishment of the 
gTound water in Bijou Valley is 
the loss from stream Row in Bijou 
Creek. A small contribution may 
occur from precipitation on the 
sand dune areas immediately ad-
jacent. But this natural replen -
ishment is inadequate and con-
sideration should be given to 
augmenting ground - water sup-
plies by artificia l means. 
It is generally true that irri-
gation based on a su rface-water 
supply is attended by a r ise in 
the water table. Flooding selec t-
ed and prepared areas to "sink" 
water has been pursued success-
rully for many years in south ern 
California .3 Using large pits has 
produced encouragin g- resu lts in 
several Mississippi Vall ey loca-
tions. More recently, inj ecting 
water th rough wells in Texas, 
Arkansas and California has been 
under test. All these methods 
have potential. 
In the Bijou Valley, 1rngation 
is solely from wells. This means 
that seepage losses from ditches 
and irrigation water that perco-
lates down through the root zone 
do not add new water to the 
ground- water suppl y. They 
merely return to that supply a 
portion of what was pumped out 
originally. 
Sinking flood waters by spread-
ing them over low-value lands 
seems the obvious thing to in-
vestigate and the Colorado Agri-
cultural Experiment Station now 
has such a study in progress. 
However, several possible deter-
rents to the successful use of this 
method should be noted. 
Long and substa ntiall y built 
diversion structure will be nec-
essary to pass the occasional great 
floods. The cost may be prohibi-
tive in terms of benefits obtained. 
These large Roods carry tremen-
dous loads of suspended sedi-
ments. From 1950 to 1954, . S. 
3 Muckel, Dea n C. R eplen ishment of Ground Water Suppli es by Artificial 
Mea ns. USDA Tech . Bullet in 11 95 , 1959. 
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Geological Survey samplings a t 
th e engaging sta tion near Wig-
g ins showed sediment loads of 
10 percen t by weigh t were com-
mon. Loads as high as 25 per-
cent were recorded. 
At a 10-percen t concentration , 
an acre-foot of fl ood wa ter con-
ta ins enou g·h sedimen t to cover 
an acre of land six-tenth of an 
inch dee p. Before such water 
coul d be u sed on a spreading 
ground , m ost of this sedim ent 
would have to be sett led out in 
a de tention reservoir. Such a 
reservoir obviously wo uld have a 
short life. 
For th e sa me reason. wh eth er 
p its and well s can be used effec-
tively to si nk rechilrQ·e water is 
questionabl e and n eeds ?.ddition -
al r esearch. This technique re-
quires water which is almost 
clear, and even cl ear wa ter con -
ta ins bacteria which prod uce a 
cl ogging a c t i o n . Preparatory 
trea tment of recharge water may 
be necessary to halt or minimize 
this action. In addition, in th e 
case of pits, periodic dryinq: out 
would be necessa ry to permi t 
peeling off or stirring· up pi t 
bottoms to ma intain a reasonabl y 
adequate sinking ra te. 
T he m ost enc0uragin 2" ap-
proach appears to be a soil and 
water conserva tion pl an which 
includes building many small 
detention reservoirs on small 
tributaries. T hese would help 
reduce flood crests and prolong 
strea m fl ow. Keeping the main 
stream fl owing· longer would add 
grea tl y to r ech<l rge possibilities. 
Potential benefits from such a 
pl an warrant furth er study. 
Volu me of Water Pum ped 
And Effect on Water Ta ble 
In th e Bij ou Va ll ey study, an 
a ltempt was made to determine 
how much water was removed 
by pumping in 1956 and 1957. 
Measuring distance to water in 
well s a t the be~·inning- of each 
pumping season g·ave som e idea 
of the amount o f wa ter taken 
from storage. 
The onl y definite in form ation 
tha t th e survey coul d yield was 
th e volume of " unwatered" sedi-
ments, or form erl y sa tu rated 
sediments now occurrin g- above 
the wa ter ta b le due to th e drop 
ca used by pumping·. H ow much 
water had been removed had to 
be fig ured on th e basis of an esti-
mated specific yield 4 of th ese 
sedim ents, since n o data were 
ava il abl e or obta inabl e to evalu-
ate this fac tor. This estim ate o f 
specific yield was 0.24 or 24 per -
cent. 
On this basis, furth er estim ates 
were made on replenishm ent 
fTom Bijou Creek floods; losses 
of pumped water from ditches 
and fi elds; an estimate of the pos-
s i b 1 e undergTotmd discharge 
from th e Fox Hill s formation ; 
and a rough estimate of the lat-
eral inflow from th e sides of th e 
vall ey. No account \-vas taken of 
4 Speci fi c yield is the ratio of the volume of wa ter that will drain ou t of a soil 
by gravity to its own volume. 
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inflow and outflow northward in 
the valley trough, as it was as-
sumed that these ·would just 
about balance out. 
Admittedly, much of the eval-
uation of influencing factors is 
based on estimates. They are un-
knowns that cou ld be evaluated 
only by costly and time-consum -
mg means. 
Volume of water removed by 
pumping and the attendant effect 
on the water table were eva lu-
ated fairl y accu rately in 1956 and 
1957. Volume of water pumped 
in 1956 was determin ed by fi eld 
measurements (F ig ur e 2) on 
163 pumps out of th e 178 oper-
ated in th e area. Of th e 15 wells 
not measured, 8 were used for 
only a small part of the season. 
Estimates on quantities pumped 
[Tom those wells not measured 
were made from power u se data 
or area of crop irrigated. 
When a flow was measured , 
power use was also observed . 
Total power use for th e two sea-
sons was furnished by the power 
supplier5 operating in th e area . 
From these data it was possibl e 
to calculate with reasonable ac-
curacy th e number of acre-fee t 
pumped for the season. 
Farmers in th e southern part 
of the area ·where measurements 
were made la te in th e 1956 sea-
son indica ted uch measurements 
were definitely less th an average 
for the seaso n. To com pensate 
for such error, an estimate of 
I ,500 acre-fee t was added to the 
computed data which were based 
on a few spot measurements mad e 
in Ju ly, 1957. 
Total volume pumped in 1956, 
computed in the manner de-
scribed, ·was 38,700 acre-feet. 
Weather during 1957 wa 
much more favorable th an 1956. 
I\ I uch more m oisture fell dur ing 
th e winter and spring and this 
delayed the start of pumping 
considerably. An estimate of 24,-
500 acre-feet was made for 1957, 
based on 1956 water measure-
ments and 1957 power use. 
First water-table measurements 
by the Colorado Agricultura l Ex-
periment Station within the 
study area were made in the fall 
of 1940. Depth to water table 
was measured in on ly four wells 
at that time. More observation 
wells were added later and by 
1955 th e gToup consi sted of nine. 
In the spr ing of 1956, measure-
ments on 10 additional wells 
were made in anticipation of 
their u se in this study. In th e 
spring of 1957, the pumped area 
was -covered th oroughly by meas-
urements in 127 wel ls. Spring of 
1958 saw 89 of these wells meas-
ured again. 
Hydrog-raphs for th ose wells 
hav ing th e long·er periods of 
record are show n in Figure 3. 
The jagged appeara nce of an ap-
parent recovery between th e fall 
and the following spring meas-
urement is due to a residua l ef-
fect of the season 's pump ing-. A 
plane of approximate eq uilib-
rium is not established unti l th e 
foll owing spr ing; hence the 
spring measurements are more 
indica tive of actual conditions. 
Foll owing th e 195fi measure-
ments, changes for 1957 and 1958 
5 The Morga n County Rura l Electric Association. 
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were plotted on a work map of 
the area for each observation 
wel l. Using a section (640 acres) 
as a unit, a value of the r ise or 
lowering was assigned, based on 
th e included and ad joining well s 
for that section. Fringe area 
changes were inferred where no 
well s were available. T he area 
east of Bij ou Creek had few well s 
and hence became th e most un-
certain. 
For 1956, gross volumetr ic re-
d uction of wa ter in the allu vium 
was thu s computed as 76,900 
acre-fee t. For 1957, th e figure 
was simil arly fi gured a t onl y 
3, 100 feet. 
T hi s extreme va riat ion cannot 
be accoun ted for solely by differ-
ences in a m o u n t pumped. 
R ath er , th ere must have been a 
substantial replenishm ent which 
could not have come from any 
sou rce other th an flood fl ows in 
Bijou Creek. Plottings of wa ter-
tabl e changes revealed a rise 
along th e entire course of th e 
creek, whereas all the lowering 
occurred on th e we t side of th e 
valley. An algebraic ummati on 
of the areal changes indicated a 
sligh t average lowering of about 
th ree-fou r th s of an inch. 
Flows in Bijou Creek occur 
a lmost entirely in th e spring and 
summer as a result of intense 
storms. A t the time th e Ground 
\Nater Branch of the U . S. Geo-
logical Su rvey was surveying the 
lower South Platte Vall ey, the 
Surface vVater Branch established 
a gaging station a t a b rid ge 
on U . S. Highway 6, east of Wig-
g in . T ab le l gives r un-off as 
prov ided by that source through 
1950-55 . 
n estimate was made for 
1956, since th at sta tion was aban-
doned Jul y 1 of th a t year. The 
1957 discharge was estimated 
from a study of th e differential 
flows in th e South Platte River 
between th e gaging stations at 
Weldona a n d F o rt Morgan. 
Th ese two tations are above and 
below th e junction point. Since 
th ere are n o other gaging sta tions 
on th e Bijou, th ere ca n be no 
measure of th e water losses from 
fl ood flow that ca n be credi ted 
to replenishm ent. 
Ground-Water Inventory 
If one were to divide th e vol-
um e of water pumped in 1956 b y 
th e total volume of: unwa tered 
sedim ents, th e resul t ing specific 
yield would be: 
38 700 
' = 0.50 or 50 percen t 
76,900 
This ratio is much larger th an 
po ible6 and hence repl enish-
ment ob viou ly was taking place. 
A table was pre pared to list all 
factors considered present and a 
reason abl e value was given to 
them. T he sum of th ese factors 
had to add up to total water 
pumped . 
6 Specifi c yields for sa nds and gravels may be as high as 30 percent. W hen 
clays are p resent as in the case of Bijou Valley, the specific yield will be less. 
Calculations fo r Pro pect Valley, made by the au thor in 1945 for Technical 
Bulletin 34, resul ted in a value of 17 percen t for speci fi c yield . 
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TABLE 1. Discharge of Biiou Creek Near Mouth in Acre-Feet 
-
Year May June July August Sept. Total 
1950 12 349 141 195 697 
195 1 146 192 23,000 768 24,100 
1952 3,750 3,750 
1953 2 899 288 1,190 
1954 1,560 802 7 2,370 
1955 34 858 100 1,170 264 2,430 
1956' 17 5,600 650 6,270 
19572 30,700 4,470 35,200 
Average________________________ 9,500 
1 F'1ows for July and August estimated by U. S. Geological Survey. 
2 Estimated by the author by compar ing discharges at Weldona and Fort Morgan 
on the South Platte. 
VaJues given are intell igent 
guesses and the onl y defense 
given for such a tabulation is 
the need for a reasonable evalu-
ation of the influence of Bijou 
Creek. Its influence can also be 
detected in 195 1 hydrogra phs of 
wells when the wa ter-table de-
cline was less than in the drier 
years following. 
As previously stated, volume 
of saturated sediments umvatered 
in the study area -vvas 76,900 acre-
feet in 1956 and 3, 100 in 1957. 
For purposes of inventory, a 
specific yield of 24 percent has 
been taken to anive at fi gures 
under item 5 in Table 2. Al-
though rather high , this est imate 
of specific yield is still possible. 
To check on volume of un-
watered sediments, a calcu lation 
was made covering the period 
1948 to 1957. The base for 1948 
was taken from the U. S. Geo-
logical Survey report previously 
mentioned. Depth-to-water meas-
urements therein shown were 
made at various times, beginning 
in 194 7 and extending into 1949. 
These were adjus ted arbitrari ly 
to represent cond itions in the 
spring of 1948. 
This method indicated that 
during the nine-year period 1948-
57 the volume of unwatered sedi-
ments increased by 660,000 acre-
feet. Thus. during each year of 
the 1948-57 period, an average 
of 73,300 acre-feet of sediments 
which had been below the water 
table and hence classifi,ed as 
"watered" sediments ·were now 
above the water table and classi-
fied as "u nwatered ." 
Using 24 percent as the esti-
mated specific yield from 73 ,300 
acre-fee t of sediments, about 17,-
600 acre-feet of water was the 
net annual withdrawal from the 
gTound-water supply. This is in 
reasonable agreement with 1956 
findings. 
Losses from irrigation were 
based on estimated crop req uire-
ments. Principal crops grown in 
this area are corn, alfalfa and 
sugar beets. Total water require-
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TABLE 2 . Proposed inventory of factors influencing water table in Bi jou study 
area . 
1956 1957 
Factors considered Acre-Feet (Estimated) 




2. Ground-water inflows from sides ---------------------------------- 2,000 
3. Ground-water escape from Fox Hill s --------------------------- 1,500 
4. Losses to wa ter table from irrigat ion ---------------------------- 13,000 
5. 'ii\T a ter taken from storage ----------------------------------------------- 18,500 700 
Tota l removed by p um p ing -------------------------- 38,700 24,500 
including eva poration, is about 
28 inches; corn, 20 inches; and 
cereals and sorghums, about 14 
inches. 7 
Normally, only about 8 inches 
of total annual precipitation re-
ceived is effective in growing 
crops in this area. In 1956, th ere 
was littl e effective precipita tion 
- perhaps one-half the normal 
amount, or 4 inches. R easonable 
average irriga tion use by crops 
in the valley must have been 
around 20 inches in 1956. On 
15,500 irriga ted acres the net irri-
gation u se in th e stud y area for 
1956 would thus be abo ut 25,500 
acre-feet. This figure subtracted 
from 38,500 leaves 13,000 acre-
fee t lost, presumably in large 
part to the ground water. 
At planting time in the spring 
of 1957, excellent soil moisture 
condition reduced irrigation re-
quirements by at least one irr i-
gation, compared to 1956. Effec-
tive precipitation could have 
been 11 or 12 inches, well above 
the 4 inches of effective precipi-
tation in 1956. 
Considering 24 inches as the 
total requirement, 12 to 13 inches 
would have to be supplied from 
wells in 1957. Thus, a pproxi-
mate irriga tion requirement on 
15,500 acres would be 16,000 
acre-feet. Thi figure subtracted 
from 24,500 acre-feet actually 
pumped leaves 8,500 acre-feet 
presumably lost to ground water. 
T here was no way to measure 
losses or gains from fl ows in the 
Bijou, ground-water inAows from 
th e valley's sides, and ground-
water escape from th e Fox Hills 
formation. H ence items 1, 2, 
and 3 in Table 2 are est imate . 
Items 2 and 3 are small and not 
vital to the problem. Item 4 is 
based on long ex perience of irr i-
ga tion engineers on such losses. 
Item 5 has an error possibi lity 
of 4,000 acre-feet in 1956 and 
200 acre-fee t in 1957. However, 
if 4,000 acre-feet were add ed to 
i tem 1 in 1956, that quanti ty 
would become 7, 700 acre-feet. 
This is improbable since th e fig-
ure exceeds the to tal creek dis-
charge as given in Tabl e I . In 
1957, item 5 becomes insignifi,-
cant and item 1 accordin gly be-
comes reasonably probable. 
ote from Table l that the 
1 Blaney, H . F. and Criddle, W. D., Consumptive Use and Irrigation Water 
R equirements of Crops in Colorado, U.S.D.A., S.C.S., 1949. 
- 11 -
8-year average discharge at the 
gaging station is 9,500 acre-fee t. 
Such a period is not nearly 
enough to establish an average, 
but is an indica tion. Net with -
drawals from storage were about 
18,000 acre-feet a nnually from 
1948 to 1957. H ad all the water 
passing th e gaging station in this 
period been re turned to the un-
derground water supply along 
with that which ·was actually 
sunk , th ere still would have been 
a de ficit. 
Probable Life of Water Source 
As a study in economics, it 
would be desirable to pro ject th e 
life o f th e water resources into 
the futu re. If th e saturated 
depth of the alluvium were th e 
same over the entire area, and if 
th e water table receded at the 
sa me rate, a reasonable predic-
tion woul d be possible. 
Neither of th ese cond itions 
prevail s. T here will be n o sud-
den exhaustion of ground water 
and n o abrupt change in farm-
ing meth ods. But wells will be-
come constantly less produ ctive 
un til th ey can n o l on~er be 
operated economicall y, with the 
southern region fi rst to be so 
affected . Deeper well s will sur-
vive fo r a longer period , hence 
th ose in the north ern part will 
be abandoned last. This will 
occu r many years later. 
In storage in 1948 were about 
1.0 million acre-feet of wa ter 
contained in approx imately 4.3 
mi ll ion acre-fee t of satura ted 
sediments. In the nine years fol-
lowing, the volum e of satura ted 
edimen ts was redu ced 660,000 
acre-feet (157 ,000 acre-fee t of 
water) . Th is left in storage in 
1957 about 870,000 acre-fee t of 
water con tained in 3.6 million 
acre-fee t of sa turated sediments. 
Assuming that onl y a third of 
the total ac tually could be used , 
and th at average volumetric de-
pl et ion of satura ted sediments 
would be 70,000 acre-feet a year, 
th e ground-water r esource for 
irr iga tion probabl y wo uld las t 
15 to 20 years more. 
Well hydrographs (Figure 3) 
back up this prediction. These 
hydrographs, projec ted on the 
basis of performance of the last 
18 to 20 years, sug~est a f-u r ther 
water-tabl e decl ine of 20 or more 
feet in a similar length of time. 
In abou t half th e study area, this 
decl ine would make m ost of the 
irr ig·ation well s useless. As pre-
viously n oted , however , aba ndon-
ment would be gradual and local-
ized. As th e well s ar e progress-
ively abandoned, a dwindling de-
mand w·ill prolong the l ife o f th e 
remaining wells. 
H ow changing li ft cond itions 
affec t pmnp effi ciency should n ot 
be overlooked. Most pum ps in 
the Bij ou Vall ey were selected 
for a lower li ft th an n ow exists. 
Man y have been changed at con-
siderable ex pense to meet the 
new condi tions. I t has been com-
mon to see pumps surging-that 
is, pumping part t ime because 
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FIGURE 4.-Dist ribution of overall efficiency values of pumps tested . 
they were capable of lifting- more 
water than the wells cou 1 d sup-
ply. 
The relation of water produced 
to amount of power required 
is illustrated in F ig-ure 4, which 
shows that about 63 percent of 
the pumps were operating- at a 
measured overall efficiency of 
less. than 50 percent. 
Summary and Conclusion 
Pumping- for irrig-ation within 80 feet at the south end to 150 
the arbitrary study area in Bijou feet at the north end of the study 
Valley beg-an in 1935. Within area. It is obvious that a large 
this area of 53,750 acres, 173 proportion of 1vell capacity al-
operating irrigation well s were ready has been lost. vVell depth 
serv ing some 15,500 acres of crop is strictly limited by thick shale 
lands in 1956. deposits and no improvement in 
Initially, there was a small capacity is possible by deepening. 
annual decline of the water table. Water is. being- withdrawn from 
But beginning- abo ut 1949 , the storage continually under pres-
decline accelerated in much of ent conditions. R eplenishment 
the area, reaching the rate of: from Rood flows in Bijou Creek 
about one and a half feet each occurs in substantial amounts 
year. The saturated thickness of very infrequently and the down-
the sands and gravels at the be- ward trend of the water table is 
ginning of pumping varied from expected to continu e. The yield 
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of wells will continue to decline 
and abandonment will occur pro-
gressively, starting- where condi-
t ions are poorest. 
Because abandonment w i 11 
slow the ra te of water - table 
decl ine, the present rate cannot 
be projected far in to th e future. 
H owever, it I S possible that 
within 15 or 20 years half or 
more of the area novv irrig-a ted 
will be back to dry farm ing-. 
Such chang-e will have a severe 
effect on the economy of the 
community. 
The Need for Legislation in Colorado 
Colorado residen ts should be 
particularly concerned abo u t 
g-round water, since it plays su ch 
an importan t role in their lives. 
Everywhere it is becoming m ore 
and m ore apparent tha t water is 
the limiting factor of popul ation 
growth . 
Exten t of surface supplies ca n 
be measured reasonably well, and 
the West particularly has learn ed 
to abide by rules pertain ing to 
its use. Ground water is not so 
easily measured, and appl ying 
r ul es for its use is more di ffic ul t. 
T he com plexity of the ground-
water problem and lack of und er-
standing abou t it bas resul ted in 
much confusion as to extent of 
upply. 
Developing ground water in-
volves a mode t in vestment, com-
pared with the cost of deve lop-
ing present surface-water sup-
plies. Beca use of thi s d iffere nce 
in cost, g-round-wa ter use in Colo-
rado has reached a very consider-
abl e magni tude. That bei ng th e 
case, ways in which its fair and 
equi tabl e use m ig-h t be achieved 
should be considered . 
have in a given situation . Colo-
rado gTotmd - water conditions 
vary widely in geologic occur-
rence and in rela ti on to surface-
water u se. A sa tisfactory rule of 
law must th erefore be broad and 
sufficiently fl exibl e to meet th ese 
conditions if it is to be eq uitable 
and enforceable throughout the 
state. 
A workable law would have to 
clari fy possible r ights among 
ground-water u sers in th e same 
basin and should pro tect th e re-
source from total exha ustion. 
T he statute would also have to 
resolve the very rea l conflict of 
interest between ground - water 
and sur face-water users. 
At present, the on ly recourse 
in settling disp utes is through 
th e courts. These courts must 
empl oy rules intended for an-
other pur pose and their decisions 
are influenced by precedents of 
dub ious value when rela ted to 
the current situation. 
W ater r e m o v e d from the 
gTound may be replaced by 
natu ral or artificial mea ns in 
whole or in part a t va rying ra tes. 
It is, th erefore, a renewable re-
Ground-water leg-islat ion ca n sou rce. Th e balance between 
assum e one of several regul atory extraction and replacement is 
[orms. Each hould be exam ined re flected in th e vertical move-
to determ ine the im pact it may ment of th e wa ter table. 
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This balance or imbalance is 
of utmost importance in th e 
proper u se of th e resource. 
One of the basic considera-
tions under any regu la tor y sys-
tem , aside from th ose of a legal 
character, is that of degree of 
conservation to be applied . Ex-
trem e conserva ti on could resul t 
in little u se of th e r esources.8 
The opposite extreme would ex-
haust the water supply in a com-
para tively short time. 
In th e fi rst in stance, the water 
supply would be preserved for 
future generations, possibly for 
a higher priority u se than th at 
of agricul ture. 
Orderly developm en t would 
permit th e ground-water hydro!-
ogist to de termine th e limi t or 
dura tion of th e reso urce. The 
economy of the area under con-
sidera tion would thus be subj ect 
to n o grea t change. 
In the second instance, much 
new wealth would be produ ced 
currentl y to be enj oyed by those 
now occupying th e land . During 
development, t he community 
would invest in improve ments 
such as power and teleph one 
lines, roads, schools, and pr ivate 
buildings. 
U pon exhaustion of th e groun d 
wa ter , much of this in vestm ent 
would be grea tl y depreciated. 
Th e effect o f such a change upon 
th e economy of a communi ty 
would be serious. 
Rules of Law Relating to Ground Water 
Two pr incipal rules of law 
g-overn th e use of water . One 
is that of r iparian rig hts, which 
is a non-consumptive u se righ t. 
As laid down in th e old English 
law r elating to su r face waters, it 
could be exercised by owners of 
abutting land only. This rul e 
also gives ownership to all th a t 
lies below th e land su rface . 
Several variations of the ripar-
ian rul e have a ppea red in th e 
U nited States. One, th e Ameri-
ca n ru le of reasonabl e u se, was 
promul gated in 1862. 9 Th e 
oth er, an extension of th e first 
is call ed the correla tive rights 
doctrin e, as adopted by Califor-
nia courts. R easonabl e use, how-
ever , is difficult to defin e and 
must be left to the judgmen t of 
the courts. 
Th e correlative r ights doctrin e 
has n ot entered into g.Tound-
"·a ter considera tion in Colorado. 
T his rul e was developed in the 
Cali fornia courts for applicat ion 
to irrig·ation. There, i t holds 
essentiall y th at each land owner 
is entitl ed to his proport ionate 
share of the un derlying wa ter. 
T hat share is based on size of 
the land owner's su r face area, as 
compared with size of th e entire 
overlying area which ca n be irri-
ga ted f r o m th e underlying 
gro und-water su pply. 
U nder the correla t ive r igh ts 
doctrine, a pumper can be en-
jo ined from pumping wa ter to 
8 A stilte engineer of New Mexico has suggested a rul e to the effect tha t a ground 
water basin need not be expected to last more than 40 years. 
9 Basse tt v. Salisbury Mfg. Co. 43 N.H. 569, 82 Am. Dec. 179 (1862). 
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a point outside the basin unless 
there is a proved surplus. Pre-
scriptive r ights are recognized. 
Loosely sta ted, a pre criptive 
r ight is one gained through use 
without legal procedure . A court 
ca n take over jurisdiction of a 
basin and determine the r ights 
of the ground-water users. 
T he second principal ru le of 
wa ter law is that of priority .of 
appropriation . In this, r iparian 
r ight are set aside as being un-
tenabl e in an area where wa ter 
is consumed or removed to points 
remote from a stream for irriga-
tion of crops, or other purposes. 
It holds that the first appropri-
ator who puts the water to bene-
ficial use has a better right to 
that water than those who follow. 
T hu s, when a sur face stream be-
comes reduced in volume and 
there is not enough wa ter for all , 
appropriators are denied water 
in the reverse order of th eir dates 
of appropriation . 
The rule of pr ior appropria-
tion evolved from requiremen ts 
of early gold miners in California 
and Colorado. Its roots are in 
Uni ted States land laws which 
were extended to inc! ude use of 
water in placer min ing. Colo-
rado was the first state to adopt 
this rule in its consti tu t ion and 
statutes. It was soon foll owed 
b y nearly all the western states. 
In each case, the resul t was a 
body of laws covering adminis-
tration of surface waters. 
In the beginning, surface-
water statutes were extended , or 
interpreted by the courts to cover 
ground water. low, however, 
man y western states have adopt-
ed specific ground-water laws be-
cause of the orowing demand on 
that resou rce. 
New Mexico was th e fi.rst sta te 
to draft ground-water legisla tion . 
Its statutes cling closely to the 
p r i o r appropriation doctr ine. 
vVi th the exception of Arizona, 
those adopted by the western 
states also follow this rul e. H ow-
ever, deviations from i ts strict 
application are notable, particu -
larly in W yoming. 
In general, courts had to fee l 
their way into this new subj ect 
of ground water. Two conditions 
ordinarily were recog·nized . One 
was where ground water was 
flowing within an ascertainable 
bed and banks. The other was 
where water was moving in a 
broad stream in no discernible 
d irection . T his was called per-
colating water. 
T he rule of prior appropria-
tion usuall y was applied to the 
fi rst condition and th e common-
law riparian rule to th e second. 
Ground-water hydrologists regard 
this distinction of occu rrence as 
unfortunate and unwarranted. 
Rules as Applied in Colorado 
T he American r ule of reason-
able use, a modification of th e 
English or Common law, em-
braces th e concept that the owner 
of the overlying land should use 
ground water in a way that will 
not inten tionall y in j u re th e 
rights of adj acent land owners. 
It was employed in the case 
of Ivan M. Thomas et al v. John 
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]. and Frank Brady in the San 
Luis Valley in 1953. In this case, 
the plaintiffs contended that op-
eration of th e Brady well ca used 
numerous nearby dom estic arte-
sian wells to cease flowing. The 
judge of the district court ru led 
in favor of the defendants on the 
premise that the plaintiffs still 
had reasonable access to a water 
supply by employing pumps in 
their wells. 
W illiam R. Kelley, an experi-
enced Greeley, Colorado, a ttor-
ney on wa ter matters, has ex-
pressed his ,concurrence in apply-
ing the American rule of reason-
able use to n on-tributary ground 
water.10 Others do not agree with 
this concept. 
In Colorado, co u rts early 
adopted a rule that an y ground-
water tr ibutary to a fl owing 
tream was subj ect to the same 
rule of law as surface waters. 
Further, the presumption has 
been established t b a t gr ound 
water is tr ibutary unless proved 
otherwise. 
This means that although trib-
utary ground water may be ap-
propriated, such appropriations 
·will necessarily fol low in order 
of time all other appropriations 
from the stream in question. 
The courts have not bee n called 
upon to adjudicate along these 
lines. H ence it is an unsettled 
question and neither surface- nor 
ground-water users have pressed 
for any clarifying act ion . The 
foregoing statement needs some 
qualification. 
In 1952, the District Court in 
Larimer County adjudicated a 
large grou p (not all ) of irriga-
tion wells in th e Cache Ia Poudre 
drainage. This adjudication was 
independent of surface-water ap-
propriation s, it being assumed by 
th e court that the gTo und water 
was " not tributary" to a natural 
stream. H owever, this statemen t 
was qualifi,ed by fur th er wording 
th at such water ". . . if left un-
disturbed in its n atural condi-
tion would not ajJpreciably aug-
ment the flow of any natural 
stream .. . " The decision was 
not supported by ex pert testi-
mony; neither has it been con-
tested. 
\ 1Vithout doubt, expert testi-
mony would have demonstrated 
th at this water was technica lly 
" tributary. " The adjudication 
prod uced considerable confusion 
in the minds of ground-water 
users and the legal profession. 
The condition under which 
ground water is not tributary to 
a stream has not been passed 
upon by the Supreme Court, ex-
cept as to some waters developed 
in mine tunnels. However, a dis-
trict court in 1946 made an ad-
judication in the Grand ] unction 
artesian basin wherein expert 
testimony was to the effect that 
the water in that basin was not 
tributary to stream fl ow. The 
decision is now being contested. 
10 W. R. Kell ey, Colorado Gro un cl-vVater Act o f 1957. R ocky Moun ta in Law 
R eview, Vol. 31, No.2, February, 1959. 
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Colorado's Ground-Water Law 
Colorado's present ground-
water law, passed in 1957, fol-
lows none of these rul es. It does 
provide certain police powers as 
to reporting of well s drilled and 
their logs. It is sil ent on the 
mat ter of ground-water owner-
ship. 
Ownership of surface waters is 
fixed by th e constitution as vest-
ed in the State. The constitution 
also sta tes that the right to appro-
priate unappropriated water shall 
never be denied. 
The ground-water law permits 
designation of a pumping area as 
a " tentatively critical district" 
when , upon findings by a com-
mission , through in vestiga tions 
or hearings, " the withdrawal of 
ground water appea rs to have 
approached, reached or exceeded 
th e normal annual ra te of re-
plenishment." \1\Th en a decision 
is made, boundaries are estab-
lished and th e election of a Dis-
trict Advisory Board of five is 
authorized . The essence of th e 
law is expressed in th ese three 
paragraph s: 
T he Commission shall at any tim e 
a fter the des ignation of a Ten ta tively 
Criti ca l Ground·W ater District upon 
i ts own ini tiative, or at the unanimous 
request o f the Local dvisory Board, 
or upon p etition of two·thirds of the 
resident landowner , using ground 
water n ot exempted in Section 8 
within the di stri ct, remove any restric-
tions, modify any restrictions, or re-
move the design a ti on of the area as a 
Tentatively Cri tical Ground- "\!\later 
District. 
District Advisory Boa rds shall have 
th e duty and responsibility to consult 
with the Commi ss ion on all ground-
wa ter matters affecting their respecti ve 
di stricts, to determin e in conjunction 
with the Commis ion and the State 
Engineer whether a criti cal area should 
be enlarged or contracted, to cooper-
ate with the Commission and the State 
Engineer in the assembling of da ta on 
th e ground-water aquifers in the area 
and the enforcement of regula tions or 
restrictions whi ch may be imposed 
thereon, and to ass ist the Commission 
and the State E ngin eer to the end of 
conserving the gro und-wa ter supplies 
of the area for th e max imum benefi cial 
use thereof. 
It is expressly provided, however, 
that the consent o f a majori ty o f the 
members o f a Distri ct Advisory Board 
of an area shall be necessary before an 
in it ial designa tion of Tentatively Crit-
ical as to such area may be kept in 
effect for more than 12 months. After 
such initial designation, subsequent 
design ations and accompanying res tric-
tions may be imposed by the Commis-
sion with th e consent of the District 
Advisory Board for the area, to extend 
for 12 month periods prior to further 
review_ 
Application of Rules to Bijou Valley 
The American rul e of reason-
abl e use has possibilities fo r ap-
plication to conditions such as 
th ose ·which occur in Bij ou Val -
ley. It already has been used in 
th e San Luis Valley where ground 
water was considered as percolat-
ing water and not tributary to a 
stream . 
To adapt this rule to a control 
program might meet with more 
difficulties than with the priority-
permit system. However, it seems 
conceivable that a r easonable use 
Jaw could be so drawn as to in-
clude regul atory features. Ma-
chinery would have to be set up 
making it possible to prevent 
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overdraft or halt overdraft in 
progress. Means of pro-rating 
the remainder of a diminishing 
suppl y would be essential. Since 
prescriptive use already has been 
established, rights which may 
have accrued would need to be 
recognized without reference to 
the time of their ini tiat ion. 
It would appear feasible that 
a law based on the America n 
rule could recognize the differ-
ence in the degree of effect on 
stream flow where ground water 
is technically tributary. Location 
of a grou nd-water development 
has a profound differential effect 
on stream flow. It mi~ht not be 
too far-fetched to say that a well 
4 or 5 miles from a stream would 
have n o sign ificant effect on flow 
of that stream. 
Most pumping in Bijou Valley 
would have very littl e effect on 
flow in the South Platte River. 
Any influence would be greatly 
delayed and might be eliminated 
during a replenishment period. 
For p r a c tic a 1 purposes, the 
ground water could be consid-
ered not tributary. As such, it 
could be treated legally by rules 
that apply to that type of occur-
rence. 
As with any other rule , the 
America n rule would need ade-
quate authority for administra-
tion to be effective. The idea of 
a commission to advise an admin-
istrator is desirable. represen-
tative g-roup should be avai lable 
to confer ·with the admi nistrator 
before any important decision is 
made on problems as complex as 
those involving ground water. 
If features mentioned could be 
incorporated under this rule, 
"mining" ground water might 
be prevented in such va II eys as 
the Bijou. Many difficulties that 
lead to litigation might be antici-
pated and avoided. With proper 
management the economy of a 
basin could be sustained over a 
long period of time. 
A ground-water law whi ch fol -
lows the strict rules laid down 
for use of surface water by the 
priority of appropriation doc-
trine would not be realistic or 
equitable for ground-water u sers 
in Bijou Valley. 
Development here followed no 
systematic plan . Some early well s 
were drilled in the least advan-
tageous locations and many were 
affected seriously as the water 
table dropped. Many wells 
drilled later in deeper parts of 
the valley were of higher ca pac-
ity. In operating these wells their 
owners, collectively and individu-
all y, caused in jury to the earlier 
appropriator . 
This was not done wi ll fully, 
but ra ther in the light of what 
was considered to be the rights 
of those who owned the wells of 
higher capacity. 
Bijou Vall ey is long and rela-
tively narrow. A stream channel 
which is normally dry but sub-
ject to large fl oods ·winds along 
its entire J ength . Losses from 
stream flow are the major source 
of replenishment for the vall ey's 
ground-water supply. This re-
pl enishm ent takes place locall y. 
Hence, g-rou nd water can be 
withdrawn from one place with-
out affecting o t h e r loca tions 
along the stream course. 
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H ad th e early appropriators 
sought to enj oin those who came 
la ter , developm ent would have 
been greatly reta rded . Liti~·a tion 
woul d have joined nearl y all 
residents in th e vall ey and prov-
ing wh o was injuring whom 
would have been di ffic ul t and 
costly. 
T o appl y th e su rface wa ter 
rul e of maintenance of a prev i-
ous condi tion of divers ion to 
avoid injury to oth ers woul d not 
be practical. 11 Neither would 
substitution be workab le, in most 
cases. Th e simple inclusion of a 
system of permits to reQ.·u late de-
velopment already established is 
not sufficient. 
Provision must be made to 
recognize prescriptive r ights in 
some degree, to prorate limited 
supplies and possibl y to cut back 
use. 
The matter of well s materiall y 
and adver ely affecti ng; stream 
fl ow is a very knotty one. I t must 
be disposed of even tuall y, but it 
should not en ter the kind of 
situation presented by th e Bijou 
Vall ey. 
From the standpoin t of con-
sistency in wa ter law, it i . desir-
able th at a o-round-water code be 
based on a modifi ed rul e of prior 
appropr iation . This r ul e has 
been modifi ed by oth er sta tes to 
meet th e entirely different physi-
cal condi tions in which ground 
wa ter occu r . With proper modi-
fi cations, it should be en tirely 
possibl e to frame a law which 
would be equitable and sa tisfac-
tory in areas such as Bijou Valley. 
It is apparent h-om reactions of 
past legislatu res and students of 
the probl em th at th e d istrict 
feat ure including an elected ad-
visory board is desirable and 
politically necessary. 
Colorad o's Ground-W ater Act 
of 1957 fi rst was applied to a 
major part of Bijou Vall ey in 
J anu ary, 1958, when th e Groun d-
V\later Commission desig-nated 
this area as " tentatively critical. " 
At subsequent hearings, both 
lay and expert testim on y was to 
th e effect that th e water tabl e 
under a large part of th e d istrict 
was declining annuall y at a seri-
ous ra te. The area treated in 
this report was a part of the dis-
trict. 
Opposi tion to th e " tenta tively 
critica l" des ignation immediately 
form ed. Since the Di tr ict Ad-
visory Board had th e power to 
revoke th e Commission 's deci-
sion , th e attitudes of its individ-
ual members became very im-
portant. 
Candidates for election to th e 
advisory board were required to 
announce for or against the di -
tr ict. Th ose ann oun cing against 
the distr ict received th e majori ty 
of votes and voted unanimously 
to oven-ide the decision of the 
commiSSiOn. 
Thus th e fin t effort to put th e 
n ew ground-wa ter code into ef-
fect resulted in defeat. 
T his test of Colorado's ground-
water code indicates its ineffec-
tiven ess as a conserva ti on meas-
ure. It could well be, however , 
th at oth er areas in a plight sim-
11 T his includes maintenance of lift cond itions. 
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ilar to that of the Bijou Valley 
could initia te organization of a 
ground - water district. Several 
fa ll into this category. Although 
the act does not follow an y of the 
doc trin es previous! y described, 
the machinery is provided for 
.. 
voluntarily agreed-upon conser-
vation measures to be adopted. 
It remains to be seen wheth er 
the law can be useful under con-
ditions where the land owners 
seriously wish to in voke such 
measures. 
Conclusions 
Colorado's Ground-\Vater Act 
of 1957 has possibilities of solv-
ing some of the difficulties th at 
exist in such valleys as the Bijou . 
But it is permissive legislation 
and thu any implied controls 
can be easily avoided. T he orig-
inal bill was framed around the 
priority-pennit doctrine but was 
greatly altered by th e legislators. 
Being a compromise measure, 
many of the fundamental con-
troversial fea tures of a complete 
code were avoided. 
The idea of Colorado depart-
ing from the priority of appro-
priation doctrine is abhorrent to 
water lawyers. H owever, in its 
present form, this doctrine is not 
suitabl e for application to ground 
water. Extensive alteration of 
many of its basic features is. nec-
essary to meet the pecu liar re-
quirements of ground-wa ter oc-
currence and developmen t. Pre-
sumably, with such changes, it 
would be acceptable in such al-
ready developed areas as Bijou 
Valley. If this can be effected , 
the priority of appropriation 
doctrine would be preferable to 
any other rule. 
If a ·way cannot be found to 
frame a sen ible ground-water 
law under the priority system, 
an exploration of the American 
rule of reasonable use is indicat-
ed. The courts have accepted 
this rule in Colorado and other 
states when applied to percolat-
ing water. Conditions in Bijou 
Vall ey might be considered as 
fa lling into the category of per-
colating or non-tributary water. 
The question ari es: Can this 
rule be app lied to tributary 
water? Th e rule has a number 
of aspects that could make it 
practicable for a pplication to 
ground-water prob lems. 
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